The main aim of this study was to assess the usefulness of the Biological Diatom Index (BDI) (Lenoir & Coste 1996) for the estimation of water quality in the central section of the Pilica River, located in central Poland in Łódź province. The BDI has never been used before to monitor Polish surface waters. An analysis of the correlations between the values of the BDI and selected physico-chemical parameters was performed, as was an assessment of water quality using the BDI. On the basis of value ranges proposed by Descy and Ector (1996), a good ecological status in the Pilica River was obtained, but this did not correspond with the results achieved from the physico-chemical analysis. This study proposes new value ranges for the BDI. With these new values, the ecological state of the Pilica River changed from good to moderate, which corresponded with the physicochemical analysis of the water. The new, proposed value ranges for the BDI assess more precisely the quality of water in lowland Polish rivers.
INTRODUCTION
Diatoms were first considered useful in 1870 when Cohn rated them as algae characteristic of clean waters. The creators of the saprobic system, Kolkwitz and Marsson (1908) , were also highly interested in diatoms and rated them according to indicator taxa occurring in α-meso-to β-mesosaprobic waters. With the development of knowledge about the indicative meaning of diatoms, new systems were introduced to classify particular species with respect to their different related physicochemical factors. On this basis ecological spectrums determining features of the water environment such as temperature (Hustedt 1956 , Cholnoky 1968 , salinity (Kolbe 1927 , Florin 1946 , Hustedt 1953 , Pankow 1976 , pH (Hustedt 1937 -39, 1957 , Cholnoky 1968 , oxygenation (Hustedt 1937-39) , rate of water flow (Hustedt 1937 -1939 , Roll 1938 , and concentration of mineral nutritional compounds (Rawson 1956 , Sparling & Nalewajko 1970 were created. As a consequence of the development of these methods for assessing water quality based on diatom communities it was necessary to create mathematical formulae which gave rise to the diatom index as a tool for the estimation of water quality in the present research.
A variety of diatom indices are used in the assessment of water quality throughout Europe (Kelly et al. 2008) . In France the BDI is used (Prygiel & Coste 1999 , Prygiel et al. 1999a , Prygiel 2002 . In Great Britain the updated TDI-UK index is being used (Kelly et al. 2001) , Austria uses the trophic index (TI) (Rott et al. 1999 ) and saprobic index (SI) (Rott et al. 1997) , and Italy uses the EPI-D index (Dell'Uomo et al. 2004) . In Poland, in accordance with the regulation of the Minister of the Environment (OJ No 162, pos. 1008 from 2008), the multimetric IO index (Picińska-Fałtynowicz 2006) should be applied in order to assess water quality. The IO index is based on the arithmetic mean from three elements such as the trophic index (TI) (Rott et al. 1999) , saprobic index (SI) (Rott et al. 1997 ) and the rate of the abundance of the reference species from the list developed by Schaumburg et al. (2005a) . The indicative features of diatoms were also valued by the creators of the Water Framework Directive 2000/60/WE. The Directive intends to introduce biological assessment of water based on four groups of organisms such as fish, water macro-invertebrates, macrophytes, and algae, with special attention paid to the bioindicative potential of diatoms. The main aim of this study was to assess the usefulness of the Biological Diatom Index (BDI) (Lenoir, Coste 1996) for the estimation of water quality in the central section of the Pilica River, located in central Poland in Łódź province. The BDI has never been used before to monitor Polish surface waters.
STUDY AREA
The Pilica River is located in central Poland in Łódź province. It is 342 km in length and is the longest tributary of the Vistula River (Fig. 1) .
The water catchment area of the Pilica is over 9245 km 2 . The River has a transitional character between upland and lowland. More than half of the catchment area lies over 200 m above sea level. Many mountain and sub-montane plant species can be found in this area, which has a higher total rainfall than the lowlands (Olaczek & Tranda 1990) . The springs of the Pilica River are located in the Kraków-Częstochowa Upland, close to the village of Wola Kącikowa (350 m a.s.l.). In the middle section of the Pilica, at 139.0 km along the river from its springs, the Sulejów Reservoir was created by impounding the Pilica with a dam at the village of Smardzewice. The reservoir was a source of drinking water for the town of Łódź until the year 2004. Below the reservoir, the Pilica River flows through urban and industrialized land. The Pilica enters the Vistula at 457 km along the river measured from its springs, at the village of Mniszewie.
The present investigation was carried out in the middle section of the river along a 98 km stretch. Altogether 7 sampling sites were selected: Wymysłów, Przedbórz, Sulejów, Bronisławów, Smardzewice, Spała and Inowłódz (Fig. 2) .
MATERIALS AND METHODS
Samples were collected at selected sampling sites along the river, once a month for a 24 month period from October 2005 to September 2007. Samples for diatom study were collected from benthic sediments using a single volume pipette (25 cm 3 ) and a rubber bulb. The collected material was poured into opaque bottles, each 40 ml in volume. Samples were preserved by adding 4% formalin. The collected samples were then subjected to chemical reactions (a mixture of chromic and sulphuric acids in the ratio of 1:2) to erase any organic contamination and to remove the cell contents so that the diatom frustules were empty. Next, permanent slides were made using a few drops of washed sample and the synthetic mounting medium Naphrax with a refractive index of 1.65.
The study uses methods applied by Rakowska (2001) regarding qualitative and quantitative sample composition: percentages were calculated on the basis of 400 frustules (Cholnoky 1968) . Diatom taxa were identified following Krammer and LangeBertalot's (1986 , 1988 , 1991 and LangeBertalot's (2000 LangeBertalot's ( -2003 studies. A light microscope (NIKON Eclipse 50i) with an immersion lens Plan 100×/1.25 and an ocular lens 10× were used in order to identify the diatom material.
Analyses of the physico-chemical parameters were conducted by the laboratory of the Province Inspectorate of Environmental Protection in the city of Łódź. The water quality was assessed on the basis of 7 parameters: BOD5, COD-Cr, dissolved oxygen, total nitrogen, nitrates, total phosphorus and phosphates (Table 1) For the biological assessment of water quality the BDI (Lenoir & Coste 1996) was used. This index is popular for monitoring surface waters in France. Values of the BDI range from 0-20 and the higher the value of the index the higher the ecological status of the water (Table 2 ). The BDI is based on Zelinka and Marvan's equation and 209 diatom taxa. The BDI has never been used for the assessment of water quality in Polish waters.
In the present study, the BDI was calculated using Omnidia software Version 4 (Lacointe et al. 1993) . In order to observe the differences in values of the index between the separate sampling sites and seasons, nonparametric Kruskal-Wallis one-way analysis of variance by ranks (ANOVA) with the significance level p<0.05 was used. The nonparametric Spearman's rank correlation coefficient (Zar 1984 ) was used to observe relationships between physico-chemical parameters and the BDI.
RESULTS
A total of 378 diatom taxa were identified in the 157 benthic samples that were collected for analysis. On the basis of the identified material, values of the BDI were calculated each month for each of the sampling sites (Table 3) Based on a nonparametric Kruskal-Wallis oneway analysis of variance by ranks (ANOVA) it was found that particular sites differed significantly with respect to their BDI values (Fig. 3 ).
An analysis of the relations between the values of the BDI and the seasons was also conducted (Fig. 4) . Based on a nonparametric Kruskal-Wallis one-way analysis of variance by ranks (ANOVA) and a Chisquared test, particular seasons did not differ significantly with respect to their BDI values. The statistical significance was p=0.9953 for the KruskalWallis analysis and p=0.7120 for the Chi-squared test. In order to observe the influence of selected physico-chemical parameters on the BDI, the nonparametric Spearman's rank correlation coefficient (Zar 1984 ) was used. The BDI was significantly positively correlated with COD-Cr and conductivity. It was also negatively correlated with dissolved oxygen, total nitrogen, total phosphorus and phosphates, but none of these correlations were statistically significant (Table 4) .
DISCUSSION

According to the requirements of the Water Framework Directive (WFD) (2000), all EU Member
States should base the assessment of water quality on the analyses of four groups of aquatic organisms: algae, aquatic invertebrates, fishes and macrophytes. Due to the fact that surface water pollution negatively affects aquatic organisms, interest in biological methods that could improve the monitoring of aquatic ecosystems has increased. Biological methods for the assessment of water quality are based on the conviction that the life condition of organisms is inherently linked to the conditions that prevail in a given ecosystem. Therefore, if we know the which organisms are present, it will also be possible to specify the conditions that prevail in the aquatic ecosystem (Starmach et al. 1976) .
Biological analysis provides an opportunity to assess the environmental conditions that prevail in the investigated ecosystem such as temperature, flow velocity, salinity, pH reaction, trophy and saprobity. The aquatic organisms which inhabit a given ecosystem are subjected to stress factors for an extended period of time to cause the elimination of one species and the presence of other. It allows one to determine the status of the water pollution not only at the time of sampling but also during the time beforehand (Starmach et al. 1976 (Kelly, Whitton 1995) , the Generic Diatom Index (GDI) (Coste, Ayphassorho 1991) and the Biological Diatom Index (BDI) (Lenoir, Coste 1996) . Previous research in Poland primarily used the SPI and GDI (Zgrundo & Bogaczewicz-Adamczak 2004 , Szczepocka & Szulc 2009 ). The BDI has never been applied in Poland so there have been no attempts to adjust the ranges of values for this index, as have been done for the SPI and GDI (Dumnicka et al. 2006, modified) . In central Poland the quality of water in the Pilica and Bzura rivers has been assessed in detail using diatom indices such as the SPI and GDI.
On the basis of the SPI and GDI, the Pilica River earned a moderate ecological status (class III). This rating corresponds with the analysis of the physicochemical parameters of water in this river (Szczepocka & Szulc 2009 , Szulc 2009 ). Descy and Ector (1996) have proposed a range of values for dividing the BDI into corresponding classes used to assess the ecological status of a body of water. Using Descy and Ector's (1996) values, the Pilica River would be classified as good (class II). In other words, the BDI seemed to raise the water quality by one class. The BDI shows great similarity to the SPI, as they are both based on the same Zelinka and Marvan formula. According to the latest research conducted in the Pilica River, both indices significantly positively correlated with COD-Cr and conductivity and negatively correlated with total nitrogen, total phosphorus and phosphates (Szulc 2009 ). Similar correlations have been observed in French (Coste et al. 2009 ) and South African rivers (Taylor et al. 2007) . These analyses were the basis for an attempt to change previously proposed ranges and submit new BDI ranges for lowland rivers in Central Poland, so that the BDI could significantly correlate with the results obtained from the analyses of the SPI and the physico-chemical parameters (Table 3 ). In accordance with the proposed divisions, the Pilica River has moderate ecological status (the poorest water quality was noted at the Smardzewice sampling site), which was in accordance with the analyses of the SPI, the GDI and the physico-chemical parameters, and with previous research conducted as part of surface water monitoring by the Province Inspectorate of the Environmental Protection in the city of Łódź.
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